Secondary structure and orientation of the amphipathic peptide GALA in lipid structures. An infrared-spectroscopic approach.
GALA, a synthetic, amphipathic 30-amino-acid peptide, based upon a Glu-Ala-Leu-Ala motive, was designed to mimic the behavior of viral fusion proteins. GALA is a water-soluble peptide with an aperiodic conformation at neutral pH, and becomes an amphipathic alpha helix as the pH is lowered to 5, where it interacts with phospholipid bilayers. Attenuated total-reflection infrared spectroscopy, using polarized light, provides information on the structure and orientation of the peptide and the lipids, which is not subject to artifacts due to light scattering with large particles. H/2H-exchange rate of the amide N-H group and analysis of the shape of the amide I' by Fourier self-deconvolution and curve fitting indicate that the alpha-helical content increases from 19% to 69%, on lowering the pH. A further increase to 100% alpha helix is observed after interaction with palmitoyloleoylglycerophosphocholine (PamOleGroPCho) vesicles. Dichroism data obtained with oriented bilayers of the PamOleGroPCho-GALA complex demonstrate that PamOleGroPCho hydrocarbon chains and the peptide alpha helical axis are essentially perpendicular (+/- 15) to the membrane plane. At neutral pH, in the presence of dimyristoylglycerophosphocholine (Myr2GroPCho), GALA is known to form discoidal structures similar to those formed under the same conditions by apolipoproteins AI and AII. In these discoidal complexes, the alpha-helical content was estimated to be 65%, with the rest of the structure being essentially unordered. No significant modification of the all-trans conformation of the hydrocarbon chain of Myr2GroPCho was detected upon disc formation. Dichroism measurements show that the alpha-helical axis is essentially parallel to the hydrocarbon chains. These data support a model in which a discoidal patch of the bilayer is surrounded by amphipathic helices which shield the hydrophobic region of the bilayer from the aqueous environment. The infrared spectrum of GALA in this complex was found to be very similar to those of apolipoproteins AI and AII which form discoidal complexes with Myr2GroPCho, but the spectrum is quite different from that of apolipoprotein B100 in low-density lipoproteins, which does not form discoidal complexes.